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ABSTRACT 
A new scheme is presented for the preparation of 3~(4-chlorophenyl)-
5,7-dichloro-l-methylnaphthalene, from which, four derivatives, 
3~(4-chlorophenyl)-~-di(n-butyl)aminomethyl~5,7-dichloro-l-naphthalene-
, ·, 
methanol hydrochloride, 3-(4-chlorophenyl)-5,7-dichloro-~-(2-piperidyl)-
1-naphthalenemethanol acetate, l-[3-(4-chlorophenyl)-5,77dichloro-l-
naphthyl]-3-di(n-butyl)aminopropanol hydrochloride, and 1-[3-(4-chloro-
phenyl)-5, 7-dichloro-l-naph,thyl]-2-(2-piperidyl) ethanol hydrochloride, 
were prepared. These four derivatives were submitted to Walter Reed 
Army Institute of Research for. the determination of their potential as 
antimalarial agents. 
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HISTORICAL 
Malaria is a protozoan infection; organisms of the genus Plasmodii.tm 
are the causative agents,.and·there are four species (listed in order of 
increasing severity of their infection) that cause.malaria in humans: 
Plasmodium malariae, P. ovale, P~ vivax, and P. falciparum. 
Although the diseasecaused,by P. malariae·isthe:least severe in 
its symptoms,·it is the.most difficult to eradicate completely from the 
human host. Indeed,· a blood transfusion taken from a victim of several 
decades before can induce'malaria>symptoms in the blood's recipient.l 
P. ovale.:.caused·malaria is;also fairly mild in its· symptoms, but it 
often displays a prolonged·· incubation period between the initial 
infection' and the appearance of symptoms. 
The form of the.disease caused.by P. vivax is probably best 
characterized by relapses which occur over a period. of approximately 
·two years following\the primary attack. Even though it is very serious, 
P. vivax seldom causes de.ath, .even if it is left untreated. 
Certainly the most serious and deadly of the four species is 
P. falciparum, which causes what is known as malignant tertian malaria. 
Death often results if treatment is not initiated promptly. 
Malaria today is;still a major health problem' in many parts of the 
world; it is estimated thatmore than one billion people live in areas 
where the risk of infection is high; approximately·· one-half of this 
number live in regions where·no.eradication programs exist. 1 
Perhaps.the oldest known preparation for the treatment'of'malaria 
was a Chinese: discovery; a powder was made from the roots of Dichroa 
f ebrifuga, which contained the alkaloid f ebrifugine. The first recorded 
use.of the more well-known cinchona bark was in 1630 in a Spanish· 
settlement in South America. .Its use soon spread to Europe, where it 
became known as Jesuits' Powder~· ·It was not until 1820 .that Pelletier 
and Caventou extracted the·active alkaloids~ ·quinine. and chinchonine, 
from the bark. As use of ~the alkaloids became widespread, overhar-
vesting resulted in near extinction\of,the·cinchona tree. When 
efforts to expand the geographical range of the tree failed, emphasis 
was shifted to the possibility of:synthetic substitutes~ especially 
during the two world wars~l 
By the year 1963, it:was estimated.that approximately 50,000 
compounds had been prepared and tested as possible antimalarials. 2 
. These. co~ounds ··can be divided into>. two .major· types, ·which are 
distinguished by .their mode of action• "The first group, ·commonly 
called antifolics, acts by.disrupting the p~aminobenzoic acid-folic-
folinic acid cycle in the parasites. Although they are useful in 
·some cases. these drugs are not used in acute malarial attacks 
because of their slow schizontocidal·action (destruction of the 
asexual erythrocytic forms of the·parasite), plus the fact that 
they of ten provoke drug resistance. Examples of the antifolics 
are chlorguanide, pyrimethamine, anl the sulfonamides. 
The second group, which'has the.advantages of more rapid 
schizontocidal action and less induced drug resistance, is known 
as the quinoline:..acridine group.·: ·Because of. large variations· in··the · 
structures found in this group, ·it is: not possible to assign to< the· 
group a specific mode of action'other than interference with nucleic 
·acid synthesis by various mechanisms. 1 Some of the better-known 
members of this group are quinine, quinacrine, chloroquine, and 
primaquine. 
2 
Although the known drugs represented a wide range of activities 
and many persons believed that no more significant drugs could be 
found, American involvement in Southeast Asia brought to the forefront 
a,new problem--a chloroquine-resistant strain of P. falciparum • 
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. Quinine could be used to control the disease, but its severe side-
effects limit its usefulness. It often causes tinnitus, vertigo, blurred 
vision. and deafness. The chief disadvantage is.quinine's lack of 
specificity. olus the fact that frequent dosing is required.l Thus.the 
search.was begun for new drugs to control!· falciparum infections. 
Reference to work done before and during World War II indicated that 
.the introduction of a phenyl ring into the 2-position of compounds 
related to quinine (quinolyl aminoalcohol) dramatically lowered the 
minimum effective dose when compared.with chloroquine and quinine.2 
One of the most active compounds (!),when tested.in man, proved to be 
Cl 
•HCl. 
extremely phototoxi_c; patients exp()sed to sunlight after treatment with 
this 'drug developed erythema, a condition charac~erized by an unusual 
redness of the skin. Although this and other siinilar. 2-phenyl-4-. 
quinolyl aminoalcohols looked very protD.ising, many.of, the most active 
·proved to be highly phototoxic in man,. and tests against!· berghei. 
in mice indicated that all of the compounds with a quinoline nucleus 
showed some degree of phototoxicity. 2 Table I shows test results for 
compound l plus three other similar compounds.3 
Table I. Antimalarial Activities<l of Quinoline Aminoalcohols against 
R_. berghei in Mice 
CHO HR 
Cl 
R' 
4 
tiMST (days) or no. of cures· (C) Phototox-
icit:z:/MEDb Substituents dosage ~!!!2j/kg2 
R R' 10 .20 40 80 . "160 320 
2-Piperidyl H 2C 3C 5C 5C 5C 5 
CH2N(Bu)2 4-Cl 2C 3C 4C, 5C 5C 5C 25 
... 
CH2N(Bu) 2 3,4-Cl2 10.·7 ,:14~9 3C 4C SC 5C 50 
CH2N(Bu) 2 2,4-Cl2 1.0 '3. 5 ,·, 9 ~-r 2C 3C 4C 12.5 
aActivity vs. P. berghei in five mice, determined by Ran~ Laboratories, 
University of Miami, as described by Osdene and coworkers.4 Mean survival 
time (MST) of infected controls was 6.1 days. Increase in survival time 
(6MST) 'of mice treated with a single dose of compound administered 
subcutaneously 72 hr after infection is considered evidence of antimalarial 
activity if the increase is at least 100%. Number of cures (C) is the 
number of mice surviving out of five' at 60 days postinfection. 
bMinimum effective dose is that which causes,phototoxic;response. 
In addition to compounds with a quinoline nucleus, various other 
aromatic ring systems have been incorporated into possible antimalarials. 
Among the most successful are the nhenanthryl aminoalcohols. Efforts 
to improve .the therapeutic index of these compounds by substitution of 
a nitrogen atom for a methylidene group in the aromatic system brougr+-
unexpected results: the compounds were less active and more photo-
sensitizing than the phenanthrenes ·.when tested against P. berghei in 
mice. 2 . This piece of evidence (less activity for an azaphenanthrene 
than for its phenanthrene analog)·combined with.the theory of·classical 
bioisosteres, and its success in other therapeutic areas such as 
5 
antihistaminics, antispasmodics, and local anesthetics,s prompted 
certain researchers to question whether the nitrogen of the quinoline 
systems was actually necessary for biological activity. Perhaps the 
phototoxicity of the quinolines would be eliminated by isosteric 
replacement of the riitrogen. 
When they were. prepared, certain of the naphthalene analogs not 
only proved themselves non-photosensitizing, but in certain cases their 
antimalarial activity was higher than their exact quinoline analogs 
(Fig.: i) • 
CHOHCH2N(Bu)2 
y 
•HCl 
Cl 
Cl 
x y MEDa 
N H 40 
CH H 20 
N OCH3 40 
CH OCH3 40 
Fig. i 
aMinimum Effective Dose, mg/kg; !· berghei in mice 
Following this lead, many.· naphthalene aminoalcohols were prepared. 
Some of the most active are shown in Table II. None of these compounds 
have shown any phototoxic side effects. 6 
Although a substantial number of naphthalene aminoalcohols had been 
prepared and tested for antimalarial acti~ity, the analog of the most 
active a~d highly phototoxic quinoline nucleu·s, the 2-(4-chlorophenyl-
6, 8-dichloroquinolyl, (see Table I), had riot been studied. 
6 
Table II. Antimalarial Activitiesa of Naphthalene Aminoalcohols against 
P. berghei in Mice 
CHOHCH2N(Bu)2 
R 
R' 
Cl 
AMST (days) or no. of cures (C) 
Substituents dosage (mg/kg) 
R R' 10 20 40 80 160 320 640' 
H H 1.1 2.S 8.3 SC SC SC SC 
6-Cl H S.l lC SC SC SC SC SC 
6-Cl Cl 3C SC SC SC SC SC SC 
7-0CH3 H 0.3 S.9 2C 3C SC SC SC 
6-Cl, 7-0CH3 H 1.9 9.S 11. 7 lC lC 3C 
6-Cl, 7-0CH3 Cl 0.7 4.9 11.1 13.9 2C 2C 3C 
aSee Table I for test description. 
Additionally, work based on Colwell's suggestion to improve 
activity in the quinoline aminoalcohols7 had not been applied to the 
naphthalene series. 
Colwell, ~ al. proposed an explanation for the increased activity 
as follows: From models of the systems in question it can be observed 
that "The purpose of the amino group is to form an ionic bond to a 
phosphate of the deoxyribose backbone. The N-alkyl chain • • • then 
lies in a hydrophobic 'pocket' created by the partial unwinding of the 
helix at the intercalation site." Increasing the molecular distance 
between the aromatic nucleus and the amino group gives a much better 
fit in the model and predicts increased biological activity. 7 
Table III gives supporting data for Colwell's proposal.7 
7 
Table III. Antimalarial Activitiesa of Quinoline Aminoalcohols against 
P. berghei in Mice 
R 
Cl 
Cl 
Cl 
Substituent MST ~da;ts) or no. of cures {C)z dosage {mg/kg} 
R s 10 20 40 80 .. 160 
CHOHCHzN(Bu)z 6.1 10.7 lC 3C 4C SC 
CHOHCHzCHzN(Bu)2 lS.S 2C SC SC SC SC 
aSee Table I for test description. 
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DISCUSSION 
The purpose of the present study was to develop a feasible synthetic 
scheme for the preparation of 3-(4-chlorophenyl)-5,7-dichloro-l-methyl-
naphthalene, which could then be converted, by known reactions, to 
compounds that, according to structure-activity relationships, should 
possess high antimalarial activity. 
All previous preparations of 3-aryl-1-methylnaphthalenes reported 
in the literature have been made by cyclizing the appropriately-
substituted 3,4-diphenylbutanoic acid or substituted 4,5-diphenyl-2-
pentanone, as illustrated in Fig. ii.8 Compounds in which X = 5,7-
dichloro (in the cyclized system) have not been synthesized by this 
approach due to the difficulty of ring closure meta to the two chlorines. 
Z = COCH3 or COOH 
x 
Fig. ii 
Compounds in~which the 3-aryl substituent of the desired 3-aryl-
1-methylnaphthalene has been replaced by a 3-aryloxy group have been 
prepared,8 but the intermediates are of no value in the preparation of 
the desired nucleus. 
For the preparation of 3-(4-chlorophenyl)-5,7-dichloro-l-methyl-
naphthalene, a new synthetic scheme was devised (Scheme I). 
Scheme I 
COCOOH 
Cl 
2 
SOClz 
) 
3 
__ P_z_o_s_) co-6;~2 
Cl 
5 
Base 
Cl ~9H-CH2-<;H ~Cl 
.VCH3 co~ 
Cl 
8 
PPA 
Cl Cl 
9 w 
Cl Cl 
DDQ 
) 
Cl Cl 
11 12 
CHBr2 CHO Cl Cl 
AgN03 
aq EtOH 
Cl 
13 14 
9 
2 NBS 
Cl 
10 
According to Scheme I, 3,5-dichlorobenzoic acid (~) was· converted 
to 3,5-dichlorobenzoyl chloride (~) by treatment with thionyl chloride. 
Removal of the excess thionyl chloride gave compound l in sufficient 
purity for the next step. When crude compound l was treated with 2.2 
equivalents of methylmagnesium iodide, 2-(3,5-dichlorophenyl)-2-propanol 
(i) was produced in quantitative yield. Treatment of the crude compound 
i with phsophorus pentoxide gave 3,5-dichloro-~-methylstyrene (5) in 
excellent yield. Distillation of compound 1 gave overall yields from 
compound 1 as high as 90%. 
When the «-methylstyrene (5) was treated with borane-tetrahydrofuran, 
followed by the simultaneous addition of bromine and a solution of sodium 
methoxide (Brown and Lane), 9 2-(3,5-dichlorophenyl)-l-bromopropane (§)was 
obtained. Although the best yield of distilled product was only 70%, no 
other products could be isolated from the pot residue. 
When compound.§. was used to alkylatean equimolar quantity of the 
dianion of 4-chlorophenylacetic acid (7), 2-(4-chlorophenyl)-4-
- ' 
(3,5-dichlorophenyl)pentanoic acid (.§) was obtained in fair yield (50-60%). 
It was later discovered that the use of 1.5 equivalents of 7 raised the 
yield of pure .§. to 90%. 
In an attempt to maximize the yield of 2-(4-chlorophenyl)-6,8-
dichloro-4-methyltetralone (2), compound.§. was heated with polyphos-
phoric acid (PPA) at various temperatures. Up to 140°, no appreciable 
reaction occurred, but after four hours at 185°, no acid (8) remained in 
the reaction mixture. Separation of the two main products gave surprising 
results: 3-(4-chlorophenyl)-5,7-dichloro-l-methylnaphthalene (12) had 
been produced as well as the tetralone (~)! A second experiment carried 
out at 190° for four hours gave a 60% yield of a 3:1 mixture of 12 and i, 
respectively. A possible mechanism for the conversion of _!! to 12 is 
shown in Scheme II. 
Scheme II 
Cl 
ft_C(H-CH2-C(ll 0 Cl ~ CH3 co~ Cl 
8 
Cl 
Sb 
Cl 
Cl 
PPA 
) 
190° 
Cl 
) 
Cl 
Cl 
12 
This scheme proposes that 1! is dehydrated in the presence of 
polyphosphoric acid at high temperatures to the ketene (Ba), which then 
rearranges to the unsaturated aldehyde (8b). When 8b is protonated, 
cyclization can occur with loss of water and a proton to give 12. 
Conversion of the tetralone (2,) to 3-(4-chlorophenyl)-5,7-dichloro-
4-hydroxy-l-methyl-1,2,3,4-tetrahydronaphthalene (10) was easily done 
using lithium aluminum hydride. (LAH). 
Treatment of 10 with phosphorus pentoxide readily dehydrated the 
alcohol to 3-(4-chlorophenyl)-5,7-dichloro-l,2-dihydro-l-methyl-
naphthalene (11). Compound 11 failed to aromatize on treatment with 
11 
12 
chloranil, but dichlorodicyanoquinone (DDQ) accomplished the dehydrogen-
ation to 12. 
Treatment of 12 with two equivalents of N-bromosuccinimide (NRS) gave 
3-(4-chlorophenyl)-l-dibromomethyl-5,7-dichloronaphthalene (.!]). An 
aqueous ethanolic solution of silver nitrate was used to convert 13 to 
3-(4-chlorophenyl)-5,7-dichloro-l-naphthaldehyde (14). 
Scheme III illustrates the reactions used to convert 14 to the 
final products. 
Scheme III 
Base 
1. HN(Bu) 2 Ar-CHOHCH2N(Bu) 2 •HCl Ar-CHO 
TMSI 
) 
2. HCl 
14 15 16 
Py Li Ar-cnoa-0 H2, Pto2 Ar-cnoaO Ar-CHO ) ) ~ CH3COOH N I H •CH3COOH 14 17 18 
LDA 
Ar-CHO ---J) Ar-CHOHCH2CON(Bu) 2 
1. BH3-THF 
2. HCl 
Ar-CHOHCH2CH2N(Bu) 2 
·HCl 
14 19 20 
Ar-CHOHCHz~ 1. H2, Pt02 Ar-CHOHCH ~ PicLi CH3COOH Ar-CHO 1 ~ 
2. HCl 2 N 
li 
•HCl 
14 21 22 
13 
For the preparation of 3-(4-chlorophenyl)-~-di(n-butyl)aminomethyl-
5, 7-dichloro-l-naphthalenemethanol hydrochloride (16), compound 14 was 
treated with trimethylsulfonium iodide (TMSI) in the presence of base to 
give 3-(4-chlorophenyl)-5,7-dichloro-1-(1,2-epoxyethyl)naphthalene (15). 
The base of 16 was made by heating a solution of 15 in di(n-butyl)amine. 
The addition of pyridyllithium (PyLi) to compound 14 gave 3-(4-chloro-
phenyl)-5, 7-dichloro-~-(2-pyridyl)-l-naphthalenemethanol (17), which was 
hydrogenated over platinum in the presence of acetic acid to give 
3-(4-chlorophenyl)-5,7-dichloro-~-(2-piperidyl)-l-naphthalenemethanol 
acetate (18). 
N,N-Di(n-butyl)-3-(3-(4-chlorophenyl)-5,7-dichloro-l-naphthyl]-3-
hydroxypropionamide (19) was prepared by the addition of lithio N,N-
di(n-butyl)acetamide (LDA) to compound 14. Compound 19 was reduced to 
l-[3-(4-chlorophenyl)5,7-dichloro-l-naphthyl]-3-di(n-butyl)aminopropanol 
hydrochloride (20) by treatment with borane-tetrahydrof uran followed 
by acid hydrolysis of the borane-amine complex. 
Treatment of 14 with a solution of picolyllithium (PicLi) produced 
l-[3-(4-chlorophenyl)-5,7-dichloro-l-naphthyl]-2-(2-pyridyl)ethanol (21). 
Hydrogenation of 21 in the presence of platinum and acetic acid, followed 
by treatment with hydrochloric acid gave 1-(3-(4-chlorophenyl)-5,7-
dichloro-l-naphthyl]-2-(2-piperidyl)ethanol hydrochloride (22). 
Four derivatives were prepared in an effort to obtain the optimum 
biological activity for this particular aryl nucleus. The alkyl portions 
of compounds 16, 18, and 20 are reported in the literature, but compound 
22 is a new derivative which I developed as a homolog of 18. 
The four final compounds were sent to Walter Reed Army Institute of 
Research for testing. No biological data have been received at this time. 
14 
EXPERIMENTAL 
Melting points were determined on a Thomas Hoover Capillary Melting 
Point Apparatus. All melting points are uncorrected and recorded in °C. 
The inf rared spectra were recorded on a Beckman IR8 infrared 
spectrophotometer. 
The nuclear magnetic resonance spectra were recorded at 60 MHz 
with a Varian Associates A-60 Recording Spectrometer. 
Molecular weights were determined from the mass spectra, recorded 
on a Hitachi Perkin-Elmer Mass Spectrometer, Model RMU-6H, at 70 eV. 
The thin layer chromatography was carried out using precoated 
silica gel plates. The solvent system in all cases was 5% acetone in 
benzene. 
15 
3,5-Dichlorobenzoyl chloride (1) 
Fifty grams (0.26 mol) of 3,5-dichlorobenzoic acid·(~', Aldrich)•was ·· 
mixed with 93.0 g (0.78 mol) of thionyl chloride and.the solution was 
heated at reflux for three hours. Excess thionyl chloride was removed 
at aspirator vacuum, and the residue was distilled under high vacuum. A 
total of 48. 8 g (89%) of compound 3 was collected as' a·: water-white 
liquid: bp 45° (0~01 mm); ir (neat) 3100 (CH), 17501(C=O), 1195, 953, 
and 725 cm-1 ; nmr·(cnc13) 8 7.57 to 8.00 (m, 3, aromatic); molecular 
weight 208. 
2-(3,5-Dichlorophenyl)-2-propanol (~) 
A mixture of 19.5 g (0.8 mol) of magnesium turnings in 600 ml of 
dry ethyl ether was stirred mechanically under nitrogen while ,110.0. g 
(0.775 mol) of methyl iodide was added dropwise at such a rate so as to 
maintain a gentle reflux. When the addition .was complete,~: the ·mixture 
was heated at reflux for one hour, then filtered through glass wool. 
The filtrate was stirred while a solution of 48.5 g (0.23 mol) of 1 in 
100 ml of dry ethyl ether was added dropwise. When the:.addition was 
complete, the solution was heated at reflux overnight •. 
A thick white paste formed when 100 ml of saturated·ammonium 
chloride solution was added to the reaction mixture. The organic>layer 
was decanted and the paste was washed with two 100-ml portions of ether. 
The combined ether fractions were dried (Na2so4) and concentrated. The 
yield of iz a yellow oil, pure by nmr and tlc, was 47.lig:(99%): ir 
(neat) 3330 (OH), 2960 (CH), 1550, 1410, 862,.and.794:.cm-1 ; nmr (CDC13) 
o 1.55 (s, 6, CH3), 1.87 (bs, 1, OH), 7.33 (m, 3, aromatic); molecular 
weight 204. 
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3,5-Dichloro-~-methylstyrene (~) 
A mixture of 47.0 g (0.23 mol) of i and 4 g (0.03 mol) of phosphorus 
pentoxide was heated at 115° under aspirator vacuum for seven minutes. 
The cooled mixture was partitioned between 200 ml of methylene chloride 
and 100 ml of water. The organic layer was separated, washed with two 
50-ml portions of water, dried (Na2S04), and concentrated~ The residue 
was distilled to give 42.5 g (99%) of 5 as a water-white thin liquid: 
bp 56° (0.6 mm); ir (neat) 2980 (CH), 1580, 1550, 850, and 797 cm-1; 
nmr (CDCl3) s 2.05 (s, 3, CH3), 5.25 (d oft, 2, C~CH2), i.25 (m, 3, 
aromatic); molecular weight 186. 
2-(3,5-Dichlorophenyl)-l-bromopropane (§) 
This compound was prepared by a modified procedure of Brown and 
Lane. 9 
In a dry, one-liter three-neck flask with magnetic stirring, 
thermometer, dropping funnel, and a nitrogen blanket, was placed a 
solution of 54.3 g (0.29 mol) of 1 in 100 ml of dry tetrahydrofuran. 
The solution was cooled to 0° and hydroboration was achieved by the 
dropwise addition of 100 ml (0.10 mol) of 1 M borane in tetrahydrofuran. 
The solution was stirred for 30 minutes at 0° and 30 minutes at 20°, 
then 2 ml of methanol was added to destroy the excess hydride. The 
mixture was cooled to 15° and maintained below 20° while 16 ml (0.30 mol) 
of bromine and 83 ml (0.33 mol) of 4 M sodium methoxide in methanol were 
added simultaneously from two dropping funnels, maintaining a slight 
yellow color. The addition required 45 minutes and the mixture was 
stirred for 30 additional minutes. 
The mixture was treated with 120 ml of petroleum ether (bp 30-60°), 
17 
60 ml of saturated potassium carbonate solution, and 80 ml of water. -The 
organic layer was separated, and the aqueous layer waswashed with two 
80-ml portions of petroleum ether. The combined organic fractions were 
washed with two 50-ml portions of water, dried (Na2so4),'aJ.d concentrated 
under aspirator vacuum. The residue was distilled to give~53.5--g (69.5%) 
of.§. as a water-white liquid: bp 92° (0.03 mm); ir.'(neat}- 2950 (CH), 
1560, 1430, 855, and 795 cm-1; nmr (CDC13) S 1.35 (d, 3, CH3), 3.08 (m, 
1, CH), 3.47 (d, 2, CH2Br), 7.18 (m, 3, aromatic); molecular weight 266. i 
Anal. Calcd for c9H9BrC12: C, 40.34; H, 3.39. 
t" > , 
Fourid:., c~· 40.43; H, 3.40. 
2-(4-Chlorophenyl)-4-(3,5-dichlorophenyl)pentanoic acid (8) 
This compound was prepared by a modified procedure of-Creger;lO 
In a one-liter, three-neck flask with mechanical stirring, ·thermo:.. 
meter, dropping funnel, condenser, and nitrogen blanket was placed 20~4 g 
(0.20 mol).of diisopropylamine, 8.5 g (0.20 mol) of 57%'NaH(mineral oil 
dispersion, and 200 ml of dry tetrahydrofuran. A solution 'of 34.2 g 
(0.20 mol) of p-chlorophenylacetic acid (7, Aldrich) in-150 ml of dry 
tetrahydrofuran was added dropwise. The mixture was heated at reflux 
for one hour, then cooled to 0°. The temperature was maintained below 
5° while 127 ml (0.20 mol) of 1.57 M butyllithium in hexane was added 
dropwise. When the addition was complete, the mixture was heated' at 
35-40° to complete the metalation. 
The milky-yellow mixture was cooled to 25° and 40.-2 g ·(0~15 mol) 
of 6 was added. The mixture was heated at reflux for 12 hours, then 
cooled to 15°. Eighty milliliters of 6 N hydrochloric acid and 200 ml 
of ethyl ether were added. After separating the organic layer, the 
aqueous layer was washed with 100 ml of ether. The combined ethereal 
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fractions were washed with two 100-ml portions of water, dried (Na2so4), 
and concentrated. The residue was chromatographed on 1.1 kg of silica 
gel, eluting with 5% acetone in benzene. The yield of..§., a yellow-syrup, 
pure by nmr and tlc, was 48.2 g (90%): ir (neat) 2960 (CH), 1695 {C=O), 
1090, 1010, and 795 cm-1; nmr (CDC13) o 1.20 (d, 3, c.!!J), 1.80-2.80 (m~ 
3, CH-%), 3.40 (m, 1, CH-COOH), 7.18 (m, 7, aromatic), ll.61(s, 1, 
COOH); molecular weight 356. 
3-(4-Chlorophenyl)-5,7-dichloro-l-methylnaphthalene (12) and 
2-{4-Chlorophenyl)-6,8-dichloro-4-methyltetralone (.2) 
A mixture of 48.2 g (0.135 mol) of ..§.and 300 ml of polyphosphoric 
acid was heated at 190° under aspirator vacutnn for four hours. The 
mixture was cooled, poured into two liters of ice-water, and extracted 
with 500 ml of methylene chloride. The aqueous layer was separated: and 
again extracted with two 200-ml portions of methylene chloride.--_ .. The 
combined organic fractions were dried (Na2S04) and concentrated to give 
43.6 g of red crystalline residue. The crystals were triturated.with 
150 ml of petroleum ether (30-60°) and filtered to give 26.4 g.of.pale 
yellow crystals. Concentration of the filtrate gave 17.2 g of,an 
unidentified red oil. Analysis of the solid by nmr indicated that it 
was a 3:1 mixture of 12 and 2_, respectively. Recrystallization from 
isooctane gave 19.2 g (44%) of 12 as pale yellow needles: mp 159-61°; 
ir (KBr pellet) 1475, 1090, 1010, 880, and 820 cm-1; nmr (CDC13) o I 
2.69 (s, 3, CH3), 7.20-8.20 (m, 8, aromatic); molecular weight 320. 
Anal. Calcd for C17H11c13 : C, 63.49; H, 3.45. Found: C, "63.48; 
H, 3.41. 
Concentrated of the mother liquor from the above recrystallization, 
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followed by recrystallization from cyclohexane gave 6.3 g (14%) of 9 
as off-white needles (mp 105-10°), which were contaminated with a small 
amount of 12. No solvent system could be found by which .2. could be 
separated completely from the contaminant 12. 
Because of the contamination by 12, compound .2. was characterized 
only by its nmr spectrum: (CDC13) tS 1.42 (d, 3, C!!J), 2.00-2.60 (m; 2, 
CH2), 2.80-3.40 (m, 1, CHCH3), 3.60-4.15 (m, 1, CHC=O), 7.00-7.90 (m, 
6, aromatic). 
3-(4-Chlorophenyl)-5,7-dichloro-4-hydroxy-l-methyl-1,2,3,4-tetrahydro-
naphthalene (10) 
A solution of 5.1 g (15 mmol) of .2. (contaminated with a small 
amount of 12) in 50 ml of dry tetrahydrofuran was stirred while 0.6 g 
(16 mmol) of lithium aluminum hydride was added in one portion. The 
mixture was stirred for two hours, then 10 ml of saturated ammonium 
chloride solution was added. The organic layer was separated, dried 
(Na2so4), and concentrated to give 5.1 g (100%) of 10 as a colorless 
oil. Because of contamination by 12, compound 10 was characterized 
only by its nmr spectrum: 
(m, 2, CH2), 2.50-3.50 (m, 3, CHCH2CHCH), 4.90 (bs, 1, OH), 7.00-7.90 
(m, 6, aromatic). 
8what appears to be a triplet is actually two semi-superimposed 
doublets, probably caused by cis and trans forms of the compound. 
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3-(4-Chlorophenyl)-5, 7-dichloro-1,2-dihydro-l-methylnaphthalene· (11) 
A mixture of 5.1 g (0.015 mol) of 10 and 25 ml of polyphosphoric 
acid was heated at 130° for one hour, then it was cooled and poured into 
200 ml of water. The aqueous mixture was extracted with two 70-ml 
portions of ether, and the combined ether fractions were dried (Na2soq) 
and concentrated. The 4.8 g of sticky granular precipitate that 
remained was recrystallized from cyclohexane to give 4.6 g (96%) of 11 
(contaminated with a small amount of 12). Because of the impurity, 
compound 11 was characterized only by its nmr spectrum: (CDC13) d 
1.24 (d, 3, CH3), 2.45-3.20 (m, 3, CHz-CH-CH3), 7.00-7.60 (m, 7, CH-
aromatic). 
3-(4-Chlorophenyl)-5,7-dichloro-l-methylnaphthalene (12) 
A mixture of 3.2 g (0.01 mol)of 11 and 2.3 g (0.01 mol) of 
dichlorodicyanoquinone (DDQ) in 35 ml of toluene was heated at reflux 
for three hours. The mixture was cooled and filtered and the filtrate 
was concentrated. The crystalline residue was recrystallized from 
isooctane to give 2.5 g (78%) of 12 as tan needles: mp 159-61°; mnr 
(CDC13) 8 2.69 (s, 3, CH3), 7.20-8.20 (m, 8, aromatic); molecular 
weight 320. 
3-(4-Chlorophenyl)-l-dibromomethyl-5,7-dichloronaphthalene (13) 
A mixture of a solution of 23.6 g (73.5 mmol) of 12 in 500 ml of 
carbon tetrachloride and 27.0 g (150 mmol) of N-bromosuccinimide was 
heated at reflux for 16 hours. During the first hour, 0.2 g portions 
of benzoyl peroxide were added every 15 minutes. After two hours, a 
white light illuminating the reaction mixture was used to maintain the 
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solvent at reflux temperature. The mixture was cooled to 40° and 
filtered. The filtrate was washed with 50 ml of 10% sodium hydroxide 
solution, dried (Na2so4), and concentrated. The 35.2 g (100%) of 13 
was shown to be pure by nmr. A small sample, recrystallized from 
tetrahydrofuran, gave 13 as yellow needles: mp 190-92°; ir (KBr peliet) 
1475, 1090, 1010, 880, 820, and 705 cm-1 ; nmr (CDC13) o 7.27 (m, 1, 
CHBr2), 7.50-8.50 (m, 8, aromatic); molecular weight 476. 
Anal. Calcd for c17H9Br2Cl3: C, 42.59; H, 1.89. Found: C, 42.87; 
H, 1. 84. 
3-(4-Chlorophenyl)-5,7-dichloro-l-naphthaldehyde (14) 
A slurry of 35.2 g (73.5 mmol) of 13 in one liter of 95% ethanol 
was mixed with a solution of 28.0 g (165 mmol) of silver nitrate·iri'l50 
ml of distilled water and the mixture was heated at reflux for 18'hours. 
After it was cooled, the slurry was diluted with 500 ml of water'arid 
filtered. The precipitate was extracted with hot tetrahydrofuran until 
only the greenish-gray silver bromide remained. The combined ext'ra'cts 
were concentrated and the crystalline residue was recrystallized·· from 
tetrahydrofuran-acetone to give 18.5 g (75%) of 14 as yellow granules: 
mp 199-201°; ir (KBr pellet) 1680 (C=O), 1090, 1010, 880, 820, and 
727 cm-1; nmr (THF) & 7.10-8.80 (m, 8, aromatic), 10.10 (s, 1, CHO); 
molecular weight 334. 
Anal. Calcd for c17H9c13o: C, 60.84; H,- 2~ 70. Found: C, 60.'61'; 
H, 2. 75. 
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3-(4-Chlorophenyl)-5,7-dichloro-1-(1,2-epoxyethyl)naphthalene (15) 
Ten milliliters of dimethylsulfoxide (DMSO) was mixed with 1.25 g 
(30 mmol) of 57% sodium hydride/oil dispersion, which had been washed with 
two 10-ml portions of ether to remove the oil. The mixture was heated 
at 70° for one hour, then diluted with 20 ml of tetrahydrofuran and 
cooled to -5°. A solution of 6.1 g (30 mmol) of trimethylsulfonium 
iodide (TMSI) in 40 ml of DMSO was added dropwise to the solution of 
sodium methylsulfinylmethide, maintaining the temperature at or below 
0° during the addition. The milky-gray mixture was then poured quickly 
into a cold (5°) solution of 6.7 g (20 mmol) of 14 in 500 ml of dry 
tetrahydrofuran. After stirring the mixture for four hours at ambient 
temperature, the solvent volume was reduced to 150 ml under reduced. 
pressure. The mixture was poured into 800 ml of water and extracted 
with three 150-ml portions of chloroform. The combined chloroform 
extracts were dried (Na2S04) and concentrated. The crystalline residue 
was recrystallized from chloroform to give 5.5 g (79%) of 15 as a 
light yellow powder: mp 148-50°; ir (KBr pellet) 1475, 1090, 1010, 
880, 855, and 820 cm-1; nmr (CDC13) o 2.68-3.40 (m, 2, CH2), 4.34 (m, 1, 
C!!), 7.20-8.30 (m, 8, aromatic); molecular weight 348. 
Anal. Calcd for c18H11c13o: C, 61.83; H, 3.17. Found: C, 61.67; 
H, 3.12. 
3-(4-Chlorophenyl)-~-dibutylaminomethyl-5,7-dichloro-l-naphthalene­
methanol Hydrochloride (16) 
A solution of 5.0 g (14.3 Dllllol) of 15 in 40 ml of di-n-butylamine 
was heated at 155° under nitrogen for 12 hours, then the excess amine 
was removed at aspirator vacuum. The residue was dissolved in a mixture 
,-------
of 30 ml of methanol and 400 ml of ethyl ether, and 5 ml of ether 
saturated with anhydrous hydrochloric acid was added. The product 
crystallized slowly and the mixture was filtered to give 6.4 g (86.7%) 
of 16 as a fluffy white solid: mp 238-41°; ir (KBr pellet) 3190-(0H), 
2940 (CH), 1475,1090, 1010, 880, and 820 cm-1; nmr (DMSO d6) o 1.00 
+ (m, 6, C!!J), 1.15-2.10 (m, 8, CH2), 3.00-3.55 (m, 6, N(CH2) 3), 6.10 
(m, 1, CHOH), 7.50-8.60 (m, 8, aromatic), 10.80 (m, 1, HCl). 
Anal. Calcd for c26H31cl4No: C, 60.60; H, 6.06; N, 2.72. Found: 
C, 60.60; H, 6.06; N, 2.67. 
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3-(4-Chlorophenyl)-5,7-dichloro-a-(2-pyridyl)-l-naphthalenemethanol (17) 
To a cold (-60°) solution of 19.0 ml (30 mmol) of 1.57 Mn-butyl-
lithium in hexane in 300 ml of dry ethyl ether was added dropwise 4.9 g 
(31 nnnol) of 2-bromopyridine. After the mixture was stirred for 30 
minutes, a solution of 3.4 g (10 mmol) of 14 in 300 ml of dry tetrahydro-
furan was added dropwise, and the black solution was stirred at -50° 
for two hours. After the addition of 50 ml of 40% aqueous tetrahydro-
furan, the mixture was warmed to 20° and the organic layer was separated, 
dried (Na2so4), and concentrated. The 5.2 g of semicrystalline ~~ste 
was triturated with 50 ml of cyclohexane. The precipitate was separated 
by filtration and dried to give 2.2 g (53%) of 11.. as a brown powder. A 
small portion, dissolved in ether and treated with charcoal, gave 17 as 
tan crystals: mp 157-59°; ir (KBr pellet) 1590, 1475, 1090, 1010, 880, 
and 820 cm-1; nmr (CDC13) & 5.37 (m, 1, OH), 6.34 (s, 1, CH), 6.90-8.60 
(m, 12, aromatic); molecular weight 413. 
Anal. Calcd for c22H14c13No: c, 63.72; H, 3.40; N, 3.38. Found: 
C, 63.88; H, 3.53; N, 3.37. 
3-(4-Chlorophenyl)-5,7-dichloro-«-(2-piperidyl)-l-naphthalenemethanol 
Acetate (18) 
A solution of 2.1 g (5.1 mmol) of 17 in 30 ml of tetrahydrofuran 
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and 30 ml of glacial acetic acid was treated with 200 mg of platinum 
oxide and shaken under hydrogen for three hours in the Parr hydrogenation 
apparatus. The mixture was filtered through Celite and the filtrate was 
concentrated under aspirator vacuum. When 200 ml of ethyl ether was 
added, the product precipitated. Recrystallization from acetone gave 
1.8 g (74%) of 18 as tan crystals: mp 218-29°; ir (KBr pellet) 1600, 
1390, 1090, 1010, 880, and 820 cm-1; nmr (DMSO d6)tl.10-l.65 (m, 6, 
(CHz)3CH2NH), 1.85 (s, 3, CH3COOH), 2.68-3.20 (m, 3, CHzNHCH), 5.15-
5.75 (m, 4, CHOH, NH, CH3COOH), 7.20-8.25 (m, 8, aromatic); molecular 
weight 419. 
Anal. Calcd for c24H24cl3No3: C, 59.95; H, 5.03; N, 2.91. Found: 
C, 59.70; H, 5.07; N, 2.90. 
N,N-Di(n-butyl)-3-[3-(4-chlorophenyl)-5,7-dichloro-l-naphthyl]-3-
hydroxypTopionam:tde (12) 
This compound was prepared by a modified procedure of Colwell, 
7 
ettl. 
Lithia N,N-di(n-butyl)acetamide was prepared at -lOto 10° by adding 
a solution of 4.0 g (23 mmol) of N,N-di(n-butyl)acetamide in 10 ml of 
tetrahydrofuran to a solution of lithio di(n-butyl) amine [made from 
di(n-butyl).unine (3.3 g, 25 mmol) and n-butyllithium (15 ml, 24 mmol, of 
1.57 Min hexane) in tetrahydrofuran (30 ml)]. Next, a cold (10°) 
solution of 5.0 g (15 Im!lol) of 14 in 350 ml of tetrahydrofuran was added 
and the mixture was stirred for three hours. 
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The mixture was decomposed by the addition of 10 ml of saturated 
ammonium chloride solution. The organic phase was separated and concen-
trated. The residue was dissolved in 100 ml of benzene and washed with 
20 ml of 5 N hydrochloric acid, then with 20 ml of water. The benzene 
solution was dried (Na2so4) and concentrated. The 9.0 g of residue was 
chromatographed on 200 g of silica gel, eluting with 5% acetone in 
benzene. The 6.5 g (87%) of 19, a yellow syrup, that was collected, was 
examined by nmr [(CDC13) o 0.50-1.75 (m, 14, (CH2cH2cH3) 2), 2.60-3.50 
(m, 6, N(CH2) 3), 5.40-5.90 (m, 2, CHO!!), 7.20-8.30 (m, 8, aromatic)], 
and used without further purification in the.next step. 
1-(3-(4-Chlorophenyl)-5, 7-dichloro-l-naphthyl]-3-di(n-butyl)amino-:- .. 
propanol Hydrochloride (20) 
A solution of 6.5 g (13 mmol) of 19 in 50 ml of tetrahydrofuran was 
added dropwise to a stirred solution of 40 ml (40 mmol) of rM borane in 
tetrahydrofuran. The mixture was stirred at ambient temperature for t~o 
hours and then heated at reflux for five hours. After the mixture was 
cooled, 10 ml of 2 N hydrochloric acid was added and the mixture"was 
stirred for an additional 15 minutes. When the solvent was removed 
under aspirator vacuum and was replaced with 100 ml of methanol, a white 
precipitate formed. This precipitate was separated by filtration and 
dried. The 4.2 g of white powder (mp 140-42°) was found to be the base 
,· 
of 20 complexed with borane. The base was freed by heating the complex 
to 150° under aspirator vacuum. The addition of ethereal hydrochloric 
acid to the residue gave 3.3 g (49%) of 20 as a white powder: mp 160-63°; 
ir (KBr pellet) 3250 (OH), 2950 (CH), 1460, 1090, 1010, 880, and 820 cm-1; 
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2.70-3.60 (m, 6, ~(CH2) 3), 5.15 (s, 1, OH), 5.35-5.75 (m, 1, CHOH), 7.20-
8.20 (m, 8, aromatic), 10.70-11.15 (m, 1, HCl); molecular weight 491. 
Anal. Calcd for c27H33Cl4NO: C, 61.26; H, 6.28; N, 2.65. Found: 
C, 61.57; H, 6.29; N, 2.55. 
l-[3-(4-Chlorophenyl)-5,7-dichloro-1-naphthyl]-2-(2-pyridyl)ethanol (21) 
A solution of 1.4 g (15 mmol) of picoline in 50 ml of dry tetra-
hydrofuran was cooled to 0° and 9 ml (15 mmol) of 1.57 M n-butyllithium 
in hexane was added. After the dark red mixture was stirred for 0.5 
hours, the temperature was lowered to -40° and a solution of 3.4 g 
(10 mmol) of 14 in 300 ml of dry tetrahydrof uran was added. The mixture 
was stirred at -20° for three hours, then 20 ml of 50% aqueous tetra-
hydrofuran was added. The organic phase was separated, dried (Na2so4), 
and concentrated. The crystalline residue was dissolved in 1:1 ether/ 
benzene and treated with charcoal. The charcoal was removed by filtra-
tion through Celite and the filtrate was concentrated. The crystalline 
residue was stirred with ether and filtered to give 1.7 g (40%) of 21 as 
tan crystals: mp 143-45°; ir (KBr pellet) 3380 (OH), 1580, 1470, 1090, 
1010, 880, and 820 cm-1; nmr (CDC13) o 3.23 (d, 2, C]!z), 5.20 (m, 1, OH), 
5.78 (t, 1, CHOH), 6.95-8.60 (m, 12, aromatic); molecular weight 427. 
Anal. Calcd for c23H16c13NO: C, 64.63; H, 3.76; N, 3.27. Found: 
C, 64.45; H, 3.94; N, 3.17. 
l-[3-(4-Chlorophenyl)-5,7-dichloro-l-naphthyl]-2-(2-piperidyl)ethanol 
Hydrochloride (22) 
A solution of 1.6 g (3.7 nnnol) of 21 in 30 ml of tetrahydrofuran 
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and 30 ml of glacial acetic acid was treated with 200 mg of platinum 
oxide and shaken under hydrogen for three hours in the Parr hydrogenation 
apparatus. The mixture was filtered through Celite and the filtrate.was 
concentrated under aspirator vacuum. The residue was shaken with 10 ml 
of saturated sodium carbonate solution and 50 ml of ethyl ether, then 
the organic phase was separated and dried (Na2S04). Addition of ethereal 
hydrochloric acid gave 0.8 g (45%) of ll as off-white crystals! mp 230-
2380: ir (KBr pellet) 3390 (OH), 2940 (CH), 1580, 1495, 1475, 1090, 1010, 
880, and 820 cm-1; nmr (DMSO d6) 0 1.35-2.35 (m, 8, (CHz)3CH2NH, CH2CHOH), 
2.80-3.60 (m, 3, CHNHCH2), 5.35-5.90 (m, 1, CHOR), 7.30-8.50 (m, 10, NH, 
OH, aromatic), 10.60-11.10 (m, 1, HCl); molecular weight 469 • 
.Anal. Calcd for c23Hz3Cl4NO: C, 58.62; H, 4.92; N, 2.97. Found: 
C, 59.05; H, 5.02; N, 3.03~ 
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